Abstract: BACKGROUND AND PURPOSE Hippocampal atrophy is presumably one morphological sign of critical illness encephalopathy; however, predictors have not yet been determined. METHODS The data for this report derived from patients treated at the intensive care units (ICUs) of the University Hospital in Bonn in the years [2004][2005][2006]. These patients underwent structural magnetic resonance imaging 6-24 months after discharge. Volumes (intracranial, whole brain, white matter, grey matter, cerebral spinal fluid, bilateral hippocampus) were compared with healthy controls. Pro-inflammatory parameters and ICU scoring systems were explored in conjunction with brain volumes. Cut-scores were defined to differentiate patients with high from those with low inflammatory response. RESULTS Hippocampal and white matter volume were reduced in critically ill patients compared with healthy controls. Procalcitonin showed a very strong correlation (r = -0.903, P = 0.01) and interleukin-6 a moderate correlation (r = -0.538, P = 0.031) with hippocampal volume, but not with other brain volumes. C-reactive protein was linked to grey matter volume. There was no correlation with systemic inflammatory response syndrome criteria (body temperature, heart rate, respiratory rate, white blood cell count) or for hippocampal or whole brain volume. Furthermore, parameters representing severity of disease (APACHE II score, SOFA score, duration of stay and duration of mechanical ventilation) were not associated with hippocampal or other brain volumes. CONCLUSIONS This analysis suggests that high levels of procalcitonin and interleukin-6 in the blood serum of critically ill patients are associated with a high likelihood of hippocampal atrophy irrespective of the severity of disease measured by ICU scoring systems and other inflammatory parameters.
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Introduction 57
It has been well established that critically ill patients often face acute brain dysfunction and 58 even long-lasting impairment of the central nervous system, however the underlying 59 mechanisms are still not completely understood [1] [2] [3] . The terminology of brain dysfunction 60 in critical illness is not standardized. It is usually described as "encephalopathy", "delirium", 61 or summarised as "neurobehavioural changes in critical illness". According to the 62 inflammatory hypothesis, acute systemic inflammation and subsequent increased production 63 of inflammatory mediators lead to an alteration of the blood brain barrier and ultimately to 64 neurodegeneration and neuroglial cell death [4] [5] [6] . Abnormalities in brain imaging are found 65 in a high percentage (64%) of critically ill patients, most commonly atrophy [7, 8] 
Magnetic resonance imaging 108
MR scanning of the patient groups was performed on three scanners with two magnetic field 109 strengths (Tesla 1.5 and Tesla 3). Scanning of healthy controls in the database was done 110 with a Philips 1.5TAchieva whole body system. For all groups, a 3D FFE sequence 111 (TE/TR/FLIP: 15/3.6 mesc/30°) was acquired with 140 slices and a resolution of 1×1×1 mm3. 112
113

Brain Volumetry 114
Data were converted to the analyze-format and brain volumetry was manually performed 115 using Analyse 7.0 software, according to a previously published protocol [15] . The intra-rater 116 reliability was assessed by blindly measuring 10 independent test MR volumes. The intra-117 rater correlation coefficient of 10 independent MRI data sets, which were measured twice 118 blindly by the same rater was r = 0.98. Hippocampal volumes were manually traced on these 119 images. Intracranial volumes were obtained by automated tissue segmentation with SPM5 120 (Wellcome Department of Cognitive Neurology, London) using tissue probability maps. The 121 volumes of hippocampi were divided by the total intracranial volume to adjust for differences 122 in head size. 123
124
Statistical analysis 125
Statistical analysis was performed using IBM SPSS 20.0. Bivariate Spearman correlations 126 were used for clinical variables. Multivariate Analysis of Covariance (MANCOVA) was used 127 to compare brain volumetry using age and intracranial volume as covariates. For statistical 128 analysis subgroups were defined using cut-scores to differentiate ICU patients with 129 hippocampal volumes above and below -1 SD of the mean in the control group. High and lowinflammatory responses were: PCT>2ng/ml, IL-6>500pg/ml and CRP>100mg/l [16, 17, 18] . 131
Cut-scores of SOFA score above 11 points and APACHE II score above 24 points, which 132 indicate severe critical illness, were used for analysis. Area under the receiver operating 133 characteristic (ROC) curve analyses and exact 2-sided Mann-Whitney-U-tests were used for 134 these artificially discrete serum marker and score data. Linear regression analyses were 135 conducted to determine how much variance in hippocampal volume could be explained by 136 levels of inflammation. For all comparisons, the alpha level was set at 5%. 137
138
Results
139
Demographic and clinical characteristics are shown in table 1a. The total hippocampal 140 volume and white matter were both reduced in critically ill patients compared to healthy 141 controls, even after correcting for differences in age and intracranial volume ( responses designated according to the following cut-scores: PCT< 2 ng/ml = low 356 inflammation; PCT ≥ 2 ng/ml = high inflammation; IL-6 < 500 pg/ml = low inflammation. IL-6 ≥ 357 500 pg/ml = high inflammation. *p < .05. **p < .01 358 Fig 1c  361 
